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Abstract

Introduction: Melanocyte stem cells (MelSCs) might offer potential candidates for cell-based therapies against pigmentary disorders, such as
vitiligo. However, the properties of MelSCs and their involvement in disease pathology are yet to be explored. In this study, MelSCs derived
from the lesional (V-MelSCs) and unaffected regions of vitiligo patients (NV-MelSCs) were established, and compared their cellular, biological
and molecular characteristics to that of MelSCs isolated from the skin of normal, unaffected individuals as control (C-MelSCs).

Materials and Methods: MelSCs were isolated and expanded /n vitro by explant culture. Growth kinetics, metabolic activity, cell viability,
colony-forming ability, senescence activity, and cell cycle status of MelSCs were analyzed. Later, MelSCs were evaluated for the expression of
marker genes, such as CD34, Pax3, Sox10, sFRP4, MITF, TYRP1, DCT, TYR, TGFa, and c-KIT.

Results: MelSCs derived from vitiligo patients had lower proliferation and metabolic activity despite showing unaltered morphological features.
Significantly (P<0.05) decreased number of viable cells was observed in C-MelSCs and V-MelSCs in passage 3 (P3) compared to P1. The colony-
forming assay revealed homogeneous distribution, but slightly larger and dense colonies in C-MelSCs compared to NV-MelSCs and V-MelSCs.
All MelSCs showed a higher percentage in the GO/G1 phase of the cell cycle with low senescence activity. Finally, MelSCs from the skin of
vitiligo exhibited lower expression levels of selected marker genes implicated in melanocyte development.

Conclusions: MelSCs residing in hair follicle bulge of vitiligo patients possess marginally altered cellular, potency and biological characteristics.
These findings underscore the challenges in establishing repigmentation therapy for vitiligo using autologous transplantation of MelSCs.
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Introduction

Hair follicle stem cells (HFSCs), which reside in the bulge
region, are responsible for giving rise to cell types of hair
and also the epidermis and sebaceous glands.® Melanocyte
stem cells (MelSCs), a distinct population of HFSCs, are
involved in the pigmentation of the newly formed hair and
the skin epidermis. They remain quiescent until they get
activated at the new growth phase of the hair cycle (anagen)
and proliferate to produce melanocyte progenitor cells.? The
cells migrate towards the hair bulb to eventually differentiate
into mature melanocytes. As the regression phase of the hair
cycle (catagen) begins, differentiated mature melanocytes
undergo apoptosis, while MelSCs in the follicle bulge
survive. Consequently, during the rest phase of the hair cycle
(telogen), MelSCs remain quiescent until they are
reactivated.®

Vitiligo is the prevalent pigmentation disorder characterized

by patchy loss of skin pigment, which is understood to have
autoimmune causation. Infiltrates of activated cytotoxic
CD8" T-cells and macrophages have been detected bordering
the unstable vitiligo lesions, progressively destroying mature
epidermal melanocytes.*> Most current therapeutic regimes
for vitiligo are focused on ‘repigmentation’, which refers to
the restoration of pigment by stimulating melanocytes and
their precursors or suppressing immune response in the
lesional areas. These treatments include non-invasive and
surgical techniques. Ultraviolet radiation therapy and topical
steroids are the most common non-invasive techniques.
However, response to non-invasive treatments is typically
inadequate and incomplete. Therefore, surgical procedures,
such as tissue and cellular grafting, have been employed to
achieve the desired degree of repigmentation. Cellular
transplantation typically involves autologous cultured melanocyte
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suspension or non-cultured epidermal cellular suspensions.®®
Although this procedure has reported successful repigmentation
in patients, it does pose limitations regarding the size of the
donor site for larger lesional areas as well as the extended
culture time to obtain a substantial number of cells.

MelSCs are potential candidates for cell-based therapies
against pigmentary disorders owing to their self-renewal,
multipotent and migratory properties. MelSCs have been
isolated and studied in rodents as well as in zebrafish
embryos.1®%* Due to a lack of specific identifying molecular
markers and established isolation protocols, MelSC cultures
from human hair follicles have not yet been accomplished.®®
In this in vitro study, MelSCs derived from the lesional and
unaffected regions of vitiligo patients were established and
compared on their cellular, biological and molecular
characteristics to that of MelSCs isolated from the skin of
normal, unaffected individuals.

Materials and Methods

Sample Collection

The patients admitted with stable vitiligo (n = 2) as well as
with no inflammatory skin disorders designated as controls
(n = 2) were selected. Punch biopsy of unshaved skin from
the affected and unaffected regions of vitiligo patients and
full thickness skin biopsy from normal patients were
collected. Samples were obtained after ethics committee
approval and informed consent was taken in accordance with

the Declaration of Helsinki.

Isolation and Culture Expansion of MelSCs

Skin biopsy was washed with Dulbecco’s phosphate-
buffered saline (DPBS, GIBCO, Grand Island, NY, USA)
containing 100 U/ml penicillin, and 100 pg/ml streptomycin,
and tissue pieces were digested in 0.5% dispase (Himedia,
Mumbai, India) for 30 min in an incubator-shaker followed
by 0.25% trypsin (Himedia) for 30 min. The separated hair
follicles were placed as explants on 0.1% gelatin-coated
culture plates. Minimum essential medium (MEM-a, GIBCO)
supplemented with 10% fetal bovine serum (FBS, GIBCO,
Brazil, South America), 0.5% human melanocyte growth
supplement (HMGS, GIBCO) and 2 ng/ml epidermal growth
factor (EGF, Biolegend, San Diego, CA, USA) was used to
support the initial release of cells. The media was changed
every third day and culture plates were incubated at 37 °C
with 5% CO- in the air.

Adherent cells from primary culture (PO) were passaged
using 0.25% trypsin-EDTA upon reaching 90% confluence.
Cells were then cultured in MEM-a supplemented with 5%
FBS, 0.5% HMGS, and 2 ng/ml EGF with a media change
every third day. After reaching confluency at passage 1 (P1),
part of the cells was sub-cultured (P2) and the rest was
stored at -80 °C. The workflow of isolation and establishment
of MelSC cultures in vitro has been presented schematically
in Figure 1 (created using Biorender.com).
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Figure 1. Schematic Representation of the Study Workflow (created using Biorender.com).
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Assessment of Morphology and Viability

Morphology of MelSCs at each passage was observed using
a phase-contrast microscope (Olympus, Tokyo, Japan). Cell
viability was assessed at each passage using 0.4% trypan
blue exclusion test by counting the cells using a haemocytometer.

Evaluation of Growth Characteristics

Cell proliferation rate at P3 was evaluated by seeding 5x10°
cells per well of a 12-well plate (Thermo Scientific, Roskilde,
Denmark). Every third day, cells were detached and counted
on a haemocytometer. Similarly, population doubling time
(PDT) was calculated using the formula PDT =t (log2)/(log
Nt-log No), where t represents culture time, and No and Nt
are the cell numbers before and after seeding, respectively.

MTT Assay

A methyl triazolyl tetrazolium (MTT, Himedia)-based assay
was performed to evaluate the cell metabolic activity. About
5x10% cells were seeded in each well of a 24-well plate
(Thermo Scientific) and cultured for 12 days. Every third
day, cells were incubated with 300 ul of 0.5 mg/ml of MTT
solution for 3 h at 37 °C following which 300 pl of dimethyl
sulfoxide was added with further incubation of 15 min. 100
I of this solution was then transferred to a 96-well plate and
absorbance was measured.

Colony-formation Assay

MelSCs were assessed for the ability of colony formation by
seeding 2x10% cells in a 100 mm culture dish (Thermo
Scientific). The media was changed every three days. On
day 14, the colonies were fixed in 3.7% formaldehyde
(Sigma-Aldrich) for 20 min and stained with 1% crystal
violet solution (Sigma-Aldrich). After 4 h, the stain was
removed and the images of colonies were captured.

Table 1. List of Primer Sequences

Cell Cycle Analysis

MelSCs (0.5x10°) were fixed with 70% ethyl alcohol
(Sigma-Aldrich), and washed twice with DPBS, prior to
incubation with 100 mg/ml RNase (Sigma-Aldrich) at 37 °C
for 1 h. 1 mg/ml propidium iodide (PI, Life Technologies,
CA, USA) was then used as a DNA stain and allowed for 1 h
at room temperature in the dark. The cell cycle was assessed
using a flow cytometer (PARTEC CyFlow, Goerlitz, Germany).

Senescence Associated f-galactosidase (SA-#-Gal) Assay
The senescence activity in MelSCs at P4 was assessed using
the SA-B-Gal staining kit (Himedia) following manufacturers’
instructions. Briefly, DPBS-washed cells were fixed for 15
min in 3.7% formaldehyde (Sigma-Aldrich), and the colour
development was observed by overnight incubation at 37 °C
with kit-supplied SA-B-Gal staining solution. The development
of blue colour was observed under the phase-contrast
microscope.

Reverse Transcription-polymerase Chain Reaction (RT-
PCR) and Real Time-Quantitative PCR (qPCR) Analysis

Total RNA was extracted from cells using the RNAiso Plus
kit (Takara, Tokyo, Japan). Complementary DNA (cDNA)
was synthesized using PrimeScriptTM RT reagent kit (Tak,ara)
and PCR amplification was performed with EmeraldAmp®
GT PCR Mastermix (Takara). The PCR products were
fractionated by 1% agarose gel electrophoresis. Details of
primers used are presented in Table 1. g°PCR was performed
using SYBR™ Green master mix (Thermo Fisher Scientific)
on StepOnePlus™ Real-Time PCR System (Applied
Biosystems, Thermo Fisher Scientific). The quantification of
selected genes, such as CD34, Pax3, Sox10, sFRP4, MITF,
TYRP1, DCT, TYR, TGFa, and c-KIT was carried out and B-
actin was employed for normalization. The CT values of

Gene Sequence (5'-3") Accession number Base pair (bp)
JACTNR  AGGAGGAGLAMTGATCTIGATCTT  NMLoOTIOL2 207
Cor -k CTGGTACATICGGGTCTGCC NML001025109 174
o’ TCTATCCCCGOCCCTACAAT NM_000438.6 246
Sox10-k MGTGOOCGCICTTGTAGTG NM_006941.4 146
RPA R AGTCGGANGICTCCGCTITG. NM_003014.4 193
wire GCCAGTGCTCTIGOTICAGA NM_000248.4 138
PRP1 R ATGGGGATACTGAGGGCTGT NM_000550.3 155
bCr-R CTICACCTOAGGAMGGCTGG  WL00T1298893 185
ek GTGAGGTCAGGCTTITTGGE NM.000372.5 150
Tora CCCAAGEAGACGGAGTTCTT NM0032364 126
cus  SOGCIOOWIOS  wamma
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control samples were used as calibrators to calculate relative
quantification (2-24€T) of MelSCs-specific genes in vitiligo
samples.

Immunofluorescence Assay of Selected Markers in MelSCs
MelSCs were examined for the expression of markers, such
as CD34, MITF, and TYRP1 by immunofluorescence staining.
Cells were seeded at a density of 5x10%well on a chamber
slide and fixed with 3.7% paraformaldehyde (Himedia) after
reaching 70% confluence. Post-treatment with 0.1% Triton
X (Sigma-Aldrich) and 1% bovine serum albumin (BSA,
Sigma-Aldrich), 200 pl of primary antibodies against CD34,
MITF, and TYRP1 (Biolegend) were added to the respective
wells and incubated overnight. Cells were then incubated in
fluorescein isothiocyanate (FITC)-conjugated secondary antibody
(Santa Cruz Biotechnology, CA, USA) for 1 h, followed by
Pl (Himedia) counterstain for 15 min. Coverslip was then
placed on the slide and imaging was performed using a
fluorescence microscope (Nikon Eclipse Ni-U, Tokyo, Japan).

Statistical Analysis

One-way or two-way analysis of variance (ANOVA) followed
by Tukey’s post-test was used to compare differences (Graph
Pad Prism software, Version 8). All experiments were performed

C-MelSCs

NV-MelSCs

V-MelSCs

in triplicates. Data are presented as mean + standard deviation
(SD). P value<0.05 was considered statistically significant.

Results

Morphology

A heterogeneous population of highly adherent cells was
obtained in the primary cultures (PO) with hair follicles as
explants (Figure 2). The initial release of cells from control
samples (C-MelSCs) needed 7-10 days, whereas, it required
15 days in cell cultures from non-vitiligo (NV-MelSCs) and
vitiligo (V-MelSCs) regions of patients. Squamous cells
bordered the hair follicle bulge, which was surrounded by
spindle-shaped cells with dendritic features in primary
cultures (P0). Squamous cells exhibited low adherence in
subsequent passages, and a higher number of dendritic cells
was obtained in P1 and P2. Collectively, no noticeable
differences in morphology were observed between the hair
follicle samples of controls and vitiligo cell cultures.

Cell Viability

The viability of MelSCs at every passage was consistently
above 90% in all the cell lines. However, a significant
(P<0.05) decrease in viable cells was observed in C-MelSCs
and V-MelSCs in P3 compared to P1 (Figure 3A).

Figure 2. Isolation and Expansion of MelSCs from Human Hair Follicle Bulge. Cells in primary cultures (P0), passages 1 and 2 (P1 & P2) exhibited
bi-, tri-, and multi-dendritic cells (arrows) with a prominent nucleus in all the groups.

http://www.biotechrep.ir

J Appl Biotechnol Rep, Volume 10, Issue 3, 2023 | 1072


http://www.biotechrep.ir/

Vathsalya et al

*
| * |
100 ) !
e = = mm C-MelSCs
>
= 80— =3 NV-MelSCs
3 B3 V-MelSCs
5 60
o
@
o 40—
g
2 20—
o
0- T T T
P1 P2 P3 (A)
500000
-+ C-MelSCs X%
400000 I -9 NV-MelSCs
H i A - = V-MelSCs
100+ | |
3 200000 i 9 M CMelSCs
100000 g 80+ B2 NV-MelSCs
®) || 5 -|_ B V-MeISCs
e 60+
£
04 C-MelSCs £ J_
* - C-MelsC: _—
£ 1 & NV-MelSCs E 404
g — - VMeISCs o
E 55 . kk 204
201
< U_ T
00 P T (©) C-MelSCs NV-MelSCs V-MelSCs (D)

Figure 3. Assessment of Viability, Growth Kinetics, and Metabolic Activity of MelSCs. (A) Percentage viability of MelSCs at passage 1 (P1), P2, and
P3. * indicates significant differences at P<0.05; (B) Proliferation rate of MelSCs at different time intervals. a, b, and c indicates significant
differences at P<0.05; (C) MTT assay for the assessment of cellular metabolic activity. *Significant increase in metabolic activity in cells in all the
groups. **NV-MelSCs and V-MelSCs showed significantly increased activity. ***NV-MelSCs alone exhibited increased metabolic activity; (D) PDT

of MelSCs in hours. ** indicates a significant difference at £<0.05.

Growth Kinetics and Metabolic Activity

The proliferation rate of MelSCs from control had a faster
growth rate than vitiligo (Figure 3B). The number of cells
did not increase significantly (P>0.05) from day 0 to 3 in all
the groups. C-MelSCs and NV-MelSCs showed a significant
(P<0.05) increase in proliferation from day 3 to 6 and day 6
to 9. C-MelSCs attained confluence on day 9 and did not
show any increase in a number of cells from day 9 to 12,
whereas NV-MelSCs continued to proliferate after day 9. V-
MelSCs showed slow proliferation until day 6, but later
exhibited increased number. The average PDT of C-MelSCs
was 34 h, and it was significantly lower than V-MelSCs with
an average PDT of 65 h (Figure 3D). NV-MelSCs with a
mean PDT of 56 h did not differ significantly (P>0.05) from
C-MelSCs.

MTT assay showed a linear increase in absorbance values
when measured every three days in all the cell lines (Figure
3C). However, all the groups observed a significant (P<0.05)
difference from day 6 to 12. Additionally, NV-MelSCs and
V-MelSCs exhibited a significant (P<0.05) increase in

absorbance from day 3 to 9 and day 9 to 12.

Colony-forming Assay

The colonies of MelSCs were observed both
macroscopically and microscopically with variations in size
and cell density by crystal violet staining (Figure 4A). The
colonies formed were homogeneously distributed in all the
cell lines, but slightly larger and dense colonies were
observed in C-MelSCs compared to NV-MelSCs and V-
MelSCs.

Cell Cycle Status

C-MelSCs exhibited 69 + 0.08% of cells in the GO/G1 phase,
whereas NV-MelSCs and V-MelSCs had 83.0 + 0.01% cells
(Figure 4B). Further, in C-MelSCs, S-phase had 135 +
0.01%, and the G2/M phase showed 2.8 + 0.01% of cells.
NV-MelSCs exhibited 9.0 + 0.02% of cells in the S-phase
and 1.2 + 0.01% cells in the G2/M phase. V-MelSCs
presented 5.7 + 0.06% and 1.4 + 0.02% of cells in the S-
phase and G2/M phase, respectively.
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Figure 4. Colony-forming Ability, Cell Cycle Status, and Senescence Activity in MelSCs. (A) Colony-formation was observed in MelSCs cultured for
14 days with crystal violet staining; (B) Flow cytometry-based cell cycle analysis of MelSCs; (C) Assessment of cell senescence by SA B-Gal assay.

At later passage, little or no SA-B-gal expression was detected in MelSCs (P4).

Senescence Assay

MelSCs were stained with SA-B-gal, and aging cells stained
in blue reflected SA-B-gal expression. As anticipated, little
or no expression was observed in MelSCs (Figure 4C), thus
exhibiting a minimal positivity for senescence activity at P4.

Relative Expression of Selected Genes

Analysis of mRNA expression of MelSCs specific genes
(CD34, Pax3, Sox10, sFRP4, MITF, TYRP1, DCT, TYR,
TGFa, and c-KIT) was performed by RT-PCR and gPCR.
PCR products of studied genes were detected in all the cells
(Figure 5A). In gPCR, C-MelSCs displayed significantly
(P<0.05) higher expression of TYR and TGFa compared to
vitiligo groups, and also the expression level of MITF in C-
MelSCs was significantly (P<0.05) higher than in V-MelSCs.
The expression level of TYRP1, DCT, and c-KIT was higher
in C-MelSCs than in vitiligo groups, but the difference was
not significant (P>0.05). Similarly, the expression of CD34,
Pax3, Sox10, and sFRP4 did not differ significantly
(P>0.05) between the MelSCs (Figure 5B).

Immunofluorescence Staining of Selected Markers
Expression of selected MelSCs specific markers, such as CD34,

MITF, and TYRP1 was evaluated by immunofluorescence
staining. Amongst the markers, the expression level of
CD34 was high in all groups (Figure 6A). Further, MelSCs
were also stained positive for MITF and TYRPL1 (Figures
6B and 6C).

Discussion

The hair follicle is regarded as a mini-organ that involves
neuroectodermal-mesodermal interaction. Several signaling
pathways, such as Wnt, Notch, and Hedgehog commune to
orchestrate the complex process of hair follicle morphogenesis
and regular cycling.t® During the induction phase, Wnt
signaling directs the basal epithelial cells to form a placode.
The hair placode extends into the dermis to form the
elongated hair follicle structure.?® HFSCs are derived from
the asymmetric division of SOX9 positive basal epithelial
cells in the placode periphery and remain quiescent in the
bulge region until the next hair cycle.’® The bulge region
harbors a relative immune privilege, rendering MelSCs less
affected by the autoimmune attack.*”® Vitiligo is conceivably
caused by an autoimmune reaction, and several conventional
treatments, such as immunosuppressors, help in the regeneration
of pigment-producing melanocytes, which is believed to occur
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Figure 5. RT-PCR and gPCR Analysis of Selected Genes in MelSCs. (A) RT-PCR analysis of selected genes detected as a single fragment at the
expected base pairs; (B) gPCR results of selected genes. Relative expression of Cluster of differentiation 34 (CD34), Paired box 3 (Pax3), SRY-box
transcription factor 10 (Sox70), secreted frizzled-related protein 4 (sFRP4, Melanocyte inducing transcription factor (M/TF), Tyrosinase related
protein 1 (7YRP7), Dopachrome tautomerase (DCT7), Tyrosinase (7YR), Transforming growth factor — a (7GFa), and c-K/T transcripts in C-MelSCs,
NV-MelSCs, and V-MelSCs. * represents significant differences at £<0.05. Data are expressed as mean + standard deviation (SD).

from the MelSC reservoir in the hair follicle bulge.'*?° It was
reported that 63% of MelSCs exist in the follicular regions
of vitiliginous skin.?! However, it has not been well understood
whether the disease progression has an impact on the
potency and stemness of MelSCs.

In this study, MelSCs from lesioned and non-lesioned
regions of vitiligo patients were compared for their cellular
and molecular characteristics with MelSCs derived from
normal subjects. Earlier studies used the suspension of outer
root sheath cells as a source of MelSCs. This technique
requires a substantial number of hair follicles which was not
feasible from a 2x2 mm punch biopsy of vitiligo skin.
Therefore, we extracted hair follicles by dispase digestion
and directly used them as explants. It required evidently

longer for the initial release of cells from the hair follicle
explants of vitiligo patients than normal subjects. This
observation suggests an impact of disease manifestation on
the MelSC reservoir of vitiligo hair follicles.

Primary cultures obtained had a heterogeneous population
of cells consisting of spindle-shaped dermal fibroblasts,
squamous keratinocytes, and possibly mature melanocytes.
However, due to their low proliferative capacity and less
adherence, keratinocytes and differentiated melanocytes
were almost lost at the third passage. Although fibroblasts
continued to grow, their proliferation was limited owing to
the components of the culture medium. MEM-a was used as
the basal media supplemented with FBS, HMGS, and EGF.
HMGS consists of basic fibroblast growth factor (bFGF),
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Figure 6. Immunofluorescence Analysis of Selected Markers in MelSCs.
MelSCs of all groups were stained positive for (A) CD34, (B) MITF, and
(C) TYRP1 (20x). FITC-conjugated (green) secondary antibody was
used. Nuclei were counterstained with Pl (red). Scale bar = 50 pm.

hydrocortisone, phorbol myristate acetate (PMA), bovine
insulin and transferrin, and bovine pituitary extract, all of
which are essential components for melanocyte growth and

maintenance.?>?®> PMA retards the growth of keratinocytes
and, at the same time, induces dendritogenesis and melanocyte -
lineage cell proliferation.?*?° bFGF and EGF have mitogenic
properties and promote melanocyte and melanocyte precursors
proliferation.?#? The concentration of FBS and HMGS in
the medium was higher in the primary cultures merely to
promote the successful release of cells from the explant and
reduced in the later passages to impede differentiation of
melanocyte precursor cells and fibroblasts in culture.

MelSCs from adult human hair follicle bulges were first
isolated by Tobin et al. in 1995 and were described as
“amelanotic melanocytes” due to their inability to produce
melanin while retaining most other melanocyte-like
characteristics.?®> Their morphology was reported to be
bipolar, with neuronal shapes with high proliferative capacity
and the ability to differentiate into melanin-producing
melanocytes when stimulated. In this study, MelSCs did not
differ morphologically between the groups and observed bi-,
tri-, and multi-polar shapes with prominent nuclei within
large cell bodies. They tended to form the typical honeycomb
pattern of melanocytes at high confluency. Colony-forming
ability, a foremost characteristic of stem cells, provided
evidence that the cells indeed had stem-cell-like properties.
A higher percentage of cells in the GO/G1 phase of the cell
cycle suggested their quiescent phase, and low senescence at
later passage further confirmed the “stemness” of MelSCs.
Above 90% of viable cells at every passage indicated their
high quality and survival. However, the doubling time of
both vitiligo groups was longer than controls, indicating a
deficit in the proliferative capacity of MelSCs even in the
unaffected regions. These results agree with recent immune-
histochemical studies that showed poor wound healing and
infiltrations of CD8+ cells in the unaffected areas of vitiligo
patients, rendering the areas susceptible to prospective
immune attack.?"?8

Molecular characterization of MelSCs was performed by
RT-PCR as well as gPCR. Although no specific markers
have been established to identify hair follicle-derived MelSCs,
the expression of specific stem cell markers has been
recognized. Pax3 and Sox10 are such markers that play a
significant role in maintaining the undifferentiated quiescence
state of MelSCs in the hair follicle niche. Pax3 functions as a
regulator of MITF, whereby it induces the expression of
MITF but simultaneously competes with MITF for an
enhancer region required for downstream regulation of
melanogenic genes.?® Hence, its expression is crucial for the
repression of melanogenesis and self-maintenance of
MelSCs. Sox10 is a transcription factor typically involved in
embryonic developmental stages. However, its functions in
adult tissue stem cells have equal standing. Sox10 expression
has been identified in the hair follicle bulge region throughout
the hair follicle cycle.*® This consistent expression of Sox10
indicates its involvement in preserving stemness. In our

http://www.biotechrep.ir

J Appl Biotechnol Rep, Volume 10, Issue 3, 2023 | 1076


http://www.biotechrep.ir/

Vathsalya et al

study, MelSCs of all groups expressed Pax3 and Sox10,
signifying the undifferentiated status of the cells. Although
the expression of Sox10 in V-MelSCs was low, it did not
differ significantly from other cells as evaluated by qPCR.

MITF-positive cells have been identified in the outer root
sheath and the follicular bulge epithelium.3* MITF codes for
a nuclear transcription factor that plays a crucial role in
melanocyte development and maintenance of potency. In
this study, downregulation of MITF was observed in both
vitiligo groups compared to the control, even though a
significant difference was only observed with V-MelSCs. As
MITF has a regulatory function over other melanocyte-
related genes, such as TYRP1 and DCT, these too showed an
expression loss in the vitiliginous regions, although not
significantly.

MelSCs do not express TYR in vivo. Conversely, in
Western blot results reported previously, melanocyte precursors
in culture expressed TYR enzyme if not quantitatively as
much as terminal melanocytes.®? Similar positive expression
of the TYR gene was obtained in this study by gPCR analysis
of cultured MelSCs in all groups. Nevertheless, the
expression was markedly lower in both vitiligo groups.

CD34 is a transmembrane protein that has been popularly
regarded as a hematopoietic stem cell marker. However,
CD34 is expressed by several other cell types, including
vascular endothelial progenitors, epithelial progenitors,
muscle satellite cells, and interstitial cells, among others.®
The hair follicle is an integral part of the epithelial unit, and
there is evidence to suggest the presence of CD34 positive
subpopulation of cells in the hair follicle stem cell niche.®*
CD34 positive hair follicle cells are located in the bulge area
and can potentially differentiate into melanin-producing
cells.®>% In the present study, MelSCs from the hair follicles
were positive for CD34, as demonstrated by Immuno-
fluorescence and RT-PCR. Although the exact function of
CD34 in these cells is not known, it has been shown that
CD34 positivity is predominantly observed during the anagen
phase of the hair cycle, indicating that CD34 functions are
related to the proliferation and differentiation of epithelial
cells.

The Wnt signaling pathway is decisive for melanocyte
differentiation, and it regulates the downstream expression
of several melanogenic genes such as MITF, TYR, and
TYRP1.37 Secreted frizzled-related protein-4 (sFRP4) is a
glycoprotein and a Wnt inhibitor, and it plays a vital role in
skin homeostasis.3” Previous studies showed that sFRP4 is
secreted by neighboring epithelial cells and acts on MelSCs
in a paracrine manner to inhibit differentiation and maintain
an undifferentiated status.®® However, in our findings,
MelSCs of all groups expressed sFRP4 as analyzed by RT-
PCR. This indicates the autocrine role of sFRP4 on
melanocyte progenitor differentiation in the skin.

MelSCs are highly unstable cells that rapidly undergo

differentiation in culture, and hence, obtaining a homogeneous
population of MelSCs yet remains a challenge. Further
molecular characterization, protein expression profile, and
proficiency of MelSCs to differentiate into melanin-producing
melanocytes need to be performed to confirm the functional
identity of these cells.

Conclusion

The findings of the present study indicate that MelSCs
residing in hair follicle bulge of vitiligo patients possess
altered cellular, potency, and biological characteristics. Our
findings emphasize the challenges in designing strategies for
repigmentation therapy in vitiligo by autologous transplantation
of MelSCs.
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